Objective: To evaluate the efficacy of anti-tumour necrosis factor (anti-TNF) treatment in juvenile idiopathic arthritis (JIA)-associated uveitis. Methods: 24 patients with uveitis taking etanercept and 21 taking infliximab were studied. The endpoint ophthalmological evaluation was at 24 months or at the termination of the first biological agent. The ocular inflammatory activity was graded on the basis of the number of anterior chamber cells. Results: Of the 45 patients, uveitis improved in 14 (31%), no change was observed in 14 (31%) and the activity of uveitis increased in 17 (38%). Inflammatory activity improved more frequently (p = 0.047) in the patients taking infliximab than in those taking etanercept. The number of uveitis flares/year was higher (p = 0.015) in the patients taking etanercept (mean 1.4, range 0-3.2) than in those taking infliximab (mean 0.7, range 0-2). Uveitis developed for the first time while taking anti-TNF treatment in five patients-4 taking etanercept (2.2/100 patient-years) and 1 taking infliximab (1
Objective: To evaluate the efficacy of anti-tumour necrosis factor (anti-TNF) treatment in juvenile idiopathic arthritis (JIA)-associated uveitis. Methods: 24 patients with uveitis taking etanercept and 21 taking infliximab were studied. The endpoint ophthalmological evaluation was at 24 months or at the termination of the first biological agent. The ocular inflammatory activity was graded on the basis of the number of anterior chamber cells. Results: Of the 45 patients, uveitis improved in 14 (31%), no change was observed in 14 (31%) and the activity of uveitis increased in 17 (38%). Inflammatory activity improved more frequently (p = 0.047) in the patients taking infliximab than in those taking etanercept. The number of uveitis flares/year was higher (p = 0.015) in the patients taking etanercept (mean 1.4, range 0-3.2) than in those taking infliximab (mean 0.7, range 0-2). Uveitis developed for the first time while taking anti-TNF treatment in five patients-4 taking etanercept (2.2/100 patient-years) and 1 taking infliximab (1.1/100 patient-years). Conclusions: During anti-TNF treatment, the ophthalmological condition improved in one-third of the patients with uveitis. In chronic anterior uveitis, associated with refractory JIA, infliximab may be more effective than etanercept. C hronic uveitis is associated with juvenile idiopathic arthritis (JIA) in about 5-30% of patients. 1 The risk of uveitis is suggested to be higher in antinuclear antibody (ANA)-positive young women with oligoarthritis. 1 2 In the long term, approximately one-third of the affected eyes have been reported to have impaired vision and one-tenth to have become blind. 2 3 If quiescence of inflammation is not obtained, early immunomodulatory therapy is recommended. At least methotrexate (MTX) 4 and ciclosporin 5 have been used to control uveitis. Anti-tumour necrosis factor (TNF) treatment, etanercept 6-8 and infliximab [8] [9] [10] [11] have also been used, but their efficacy in JIA-associated chronic uveitis is not yet well known. In Finland, biological agents have been in clinical use for JIA since 1999. We report the effect of infliximab and etanercept on anterior uveitis in 45 children taking anti-TNF treatment.
PATIENTS AND METHODS

Patients
The data on 108 consecutive patients with JIA receiving anti-TNF treatment were collected retrospectively in three tertiary centres. The permission to the multicentre chart review was obtained from the Finnish Ministry of Social Affairs and Health. The diagnosis of JIA was based on the classification criteria of Petty et al.
12 Table 1 presents the characteristics of patients with and without uveitis. All patients had JIA, refractory to previous treatment regimens, including combination treatment of disease-modifying antirheumatic drugs (DMARDs) and steroids. Anti-TNF treatment was initiated on 103/108 (95%) patients for arthritis and on 5/108 (5%) for uveitis. Forty-five patients with the onset of non-infectious anterior chronic uveitis either before or during the anti-TNF treatment were included.
Drug therapy
The initial etanercept dose was 0.4 mg/kg twice weekly subcutaneously. The infliximab dose was 3-6 mg/kg intravenously, initially at 2, 4 and 6-week intervals, and later based on the response on arthritis and/or uveitis, every 4-8 weeks.
The choice of the biological agent was at the discretion of the paediatric rheumatologist, and was not randomised. At the initiation of anti-TNF treatment, 43/45 (96%) patients were taking MTX, 37/45 (82%) oral prednisolone and 36/45 (80%) combination treatment of more than one DMARD. During the follow-up, DMARDs and prednisolone were tapered down if possible. Concomitant MTX was used with both infliximab and etanercept, the MTX dose being 10-20 mg/m 2 up to 25 mg weekly. All patients with active uveitis had topical corticosteroids.
Ophthalmological evaluation
The endpoint evaluation of ocular activity was performed at 24 months for anti-TNF treatment or, if the anti-TNF treatment was discontinued earlier, at the time of the discontinuation of the first biological agent. The examination included the bestcorrected visual acuity (range 0.0-1.0), biomicroscopy of the anterior segment of the eye, and evaluation of cells and aqueous flare. The posterior parts of the eye were examined by dilated indirect ophthalmoscopy or by a Volk 90 D lens. Ocular pressure was measured by applanation tonometry when possible. Uveitis was classified according to the recommendations of the International Uveitis Study Group. 13 The ocular complications (cataract, glaucoma, cystoid macular oedema and band keratopathy) were registered. The activity of uveitis was graded from 0 to 3 based on the number of anterior chamber cells per field (0, ,3 cells; 1, 3-10 cells; 2, 11-30 cells; and 3, .30 cells), modified from the recommendations of Rao et al 14 and Nussenblatt et al. 15 Ocular improvement was defined as a reduction of inflammation by at least one grade. A treatment failure was defined as increased inflammation by at least one grade, worsening of visual acuity, development of ocular complications or a first course of uveitis during biological drug treatment.
Statistical analysis
The differences between the category variables in patients with or without uveitis were tested with the x 2 test or Fisher's exact test. In a case of non-normality, Mann-Whitney U test was used and in a case of normality, Student's t test was used. The Abbreviations: ANA, antinuclear antibody; DMARD, disease-modifying antirheumatic drug; JIA, juvenile idiopathic arthritis; MTX, methotrexate; TNF, tumour necrosis factor difference in the ocular outcome between infliximab and etanercept was assessed by Fischer's exact test.
RESULTS
Characteristics of the patients with uveitis
At the initiation of anti-TNF treatment in 1999-2001, 40/108 (37%) of the patients had uveitis and at the end of the followup in 2005, 47/108 (44%) had ongoing uveitis or a history of uveitis. Forty-five patients were included in the final analysis (table 2), because in two patients the first flare of uveitis was discovered after the discontinuation of anti-TNF treatment. The mean age at the onset of uveitis was 5.6 (range 1.3-16.9) years, and 34/45 (76%) patients had bilateral uveitis. The mean interval between the onset of juvenile arthritis and uveitis was 2.8 (range 23.6 to 14.7) years. In 7/45 (16%) patients, uveitis was diagnosed before symptoms of arthritis. The mean duration of uveitis at the initiation of anti-TNF treatment was 4.3 (range 24.2 to 13.3) years.
Before the initiation of anti-TNF treatment, there were no significant differences between the ocular complications in etanercept or in infliximab treatment groups, except for six patients in the infliximab treatment group, and no patients in the etanercept group had glaucoma (p = 0.007). There were no differences between etanercept and infliximab groups in visual acuity either at the baseline (p = 0.81) or at the end of the follow-up (p = 0.90). The onset of JIA was at a younger age in patients receiving etanercept (mean 2.3 years) than in patients receiving infliximab (mean 3.5 years, p = 0.016). In other variables such as duration of disease, duration of uveitis, onset of uveitis, gender, number of DMARDs at the baseline, endpoint evaluation time, presence of ANA or human leucocyte antigen-B27, there were no differences between the treatment groups.
Activity of uveitis during anti-TNF treatment
Inflammatory activity improved more frequently (p = 0.047) in the patients taking infliximab than in those taking etanercept (table 3) . In 24 patients taking etanercept, the mean number of flares/year was 1.35 (range 0-3.2) and in 21 patients taking infliximab, 0.68 (range 0-2.02). The difference between the flares during etanercept and infliximab treatment was significant (p = 0.015). There was no correlation either with the dose or the frequency of infliximab infusions and the ophthalmological outcome.
Five patients had their first course of uveitis during anti-TNF treatment and concomitant MTX, four taking etanercept and one taking infliximab. The patient taking infliximab had the first course of uveitis 50 months after the initiation of infliximab. At the time, the infliximab dose was low (2.4 mg/ kg) and after doubling the dose, the ocular inflammation resolved in 10 months. Four patients taking etanercept had their first episode of uveitis at 8, 13, 30 and 45 months. During the follow-up, one patient had a remission in uveitis at 10 months and one at 5 years, but two still had active uveitis after 4 years. The mean occurrence of new cases of uveitis during infliximab was 1.1 cases/100 patient-years (95% CI 0.03 to 5.54) and that during etanercept was 2.2 (95% CI 0.59 to 6.13), the difference being insignificant (p = 0.6).
Side effects and adverse events
Of the 45 patients with uveitis, anti-TNF treatment was discontinued owing to side effects or adverse events in two patients taking etanercept (one patient with rash and recurrent skin infection and one with ocular complication; retinal ablation) and in four patients taking infliximab (three patients with infusion reactions and one with increases in ANA and DNA antibodies with concomitant alopecia). In four patients taking etanercept and four taking infliximab, the treatment was discontinued because of lack of efficacy. Two patients with inactive disease including inactive uveitis were able to discontinue infliximab treatment, and remained in clinical remission taking DMARDs for 5.2 and 0.5 years. In 4/24 (16.6%) patients, the adverse events during etanercept treatment were classified as severe: pneumonia, unspecified abdominal infection, sight-threatening macular oedema and retinal ablation. In 3/21 (14.3%) patients taking infliximab, the adverse events were severe: peritonsillar abscess, pansinuitis and alopecia with highly increased ANA and DNA antibodies. No life-threatening adverse drug reactions were seen in any of these patients with uveitis taking anti-TNF treatment.
DISCUSSION
This study suggests that the anti-TNF treatment has beneficial effects in JIA-associated uveitis and that infliximab may be more effective than etanercept in controlling ocular inflammation. Our findings are in line with previous observational studies. [8] [9] [10] [11] Interestingly, during the 2-year follow-up, the frequency of long-term complications of uveitis seemed to increase despite decreased ocular inflammatory activity. This might reflect the long duration of uveitis even before effective treatment. In this cohort of patients with refractory JIA, uveitis was associated with polyarthritis more frequently than in population-based JIA series. 1 In severe cases of anterior uveitis, ocular inflammation inevitably results in a chronic course of the disease, ocular complications and eventually impaired vision. The longer the progression of the disease, the poorer the outcome. Although we still lack more specific treatment, anti-TNF treatment seems to be a promising approach. In the future, the optimal dose, frequency and timing of infliximab infusions or alternative immunomodulatory treatments need to be studied in a randomised prospective trial.
